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- High Power Generution Subsystem (HPGS) 
- Delivers very high specific power: 130 W/kg (HPGS only), 40 W/kg (spucecnift) 

- 20 kWe totul (E01) for demo, should prove out sculubility t o  higher power; 50-80 
kWe o r  more envisioned f o r  operutionul system 

Phuse 1 
- Develop 130 W/kg, 20 kWe HPGS preliminury design 

- Performance simulution o f  complete HPGS 
+ Address sun pointing und trucking d f e c t s  on performunce 

- Compleb ground demonstnition t e s t  plun in u relevunt environment, t o  include 
ull elements of  the high power generution subsystem (HPGS): 

+ Solur concentrution 

+ Solur collection 

+ Power conversion und 

+ Power distribution 

+ Heut rejection 

+ Structures 

+ Deployment devices 

+ Sun pointing 

+ Sun trucking cupubility 

- Assess HPGS i n t e r h u e s  with prospective puylouds und propulsion systems. 

Phuse 2 
- Fubricution, ussembly und end-to-end testing of  the prototype HPGS in u relevunt 

(Leq  simuluted spuce) environment. --- 3 
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I Current on-orbit power system 
pe dorm u nt e 
- 5 3 W/kg [spurerr&) 

- Plunur urruys with solur cel l  
efficiencies o f  up t o  25% 

- HS702: First hulting uttempts ut 
toncentrutors [< 1.8:l CR) 

- Low voltuge (28 V, power 

I Current propulsion system 
distribution, heuvy hurness 

pe dorms nt e 
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- Most systems use chemicul mono- 
und bipropellants, some use low- 
power ion und Hull thrusters for 
stutionkeeping [e 50 m/sec/yeur) 

Where would we huve t o  muture 
SOTA t o  in order t o  be useful? 

I 

- 40 W/kg** permits 50 kWe, 1,250 kg 
system t o  move LEO-GEO in XI duys 

- 4P 'V/kg ullows 50 kWe system to 
perform 180 degree trunsfers in GEO 
belt in under 7 duys 
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I Seedling showed positive results a t  40 W/kg (spacecraft) 
- Al lows fast  transfers LEO-GEO, r a p i d  reposit ioning capabil i ty i n  GEO 

I FAST will dri--- h i -  h i-h power generation subsystem state of 
the art ta (HPGS only) 
I 1 

- Solar power  collection elements, including concentration elements 

- Solar power  conversion elements 

- Electrical power management and distr ibution systems, assuming 
payload l i n e  voltage requirements of no less than 100 V 

- Heat reject ion elements requi red to  dissipate waste heat produced in 
the conversion o f  sunl ight to electricity in the space environment 

- All support ing structures, including point ing and deployment 
mechanisms and sensors 

I Demonstrate a 20 kWe (EOL) architecture that can scale up to 
80 kW at 130 W/kg 

FAST 5 
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D .  \ revolutionmy upprouth t o  uthieving high power-nd - thus I. 

signifituntly increased mobi l i ty4n ull orbits, LEO-BE0 

Approuth: Lurger low ureul density tontentruting urruys und 
smull solur tel l  punels reduce heuw SOTA punels. I r  c- 

+ 

Eleetr i e d  Power Produai on 
Deployable concentrutor [ < 0.5 kg/mi) 
High concentrdon r d o  [40:1 h 100:l) 
50 kWe ut 30% phdmudtaic cell efficiency 

40  fig gacecrmb 5pec~c powe; [>10x 5 0 ~ 4 )  
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r . Propulsion 
High I, elerhic thru~ter5 [e.gY HET) 
Low propellant ma55 

I 

I 
I . I  

I b 

Zpaeeedt [operdond uersion) 
- 4. 

I 1 
& 

1,250 kg wet ma55 m LEO 
920 L g h  GEO in mder 30 day5 . ' 

. -  

50 kW for payload operdon5 
b m  

- Zpaeeedt [proposed demonshator) 
570 Lg we+ ma55 m LEO [Falcon I/MltlOTAUR Iaund~) 
420 kg in G80 in mder 30 day5 

20 kWe for payload operdon5, 10 GEO rephase mow5 , , 
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Senriting (" OE on Steroids") 
- Euilds on Orbitul Express legury 

- Inrorporutes FREND legury spurerraft dorking und 
serviring feutures 

- Any spurerr& tould be servired/boosted/ 
repositioned 

C I i ent Ve hi t I e Ch u rutte ri I uti o n 
- Cun perform long-stundoff client rhururterirution 

with high-power [5O-SO kWe) rudur, lidur 

- Cun trunsition t o  proximity operutions for more 
detuiled tustomer vehicle diugnosis 

Rupid Response 
- Rupid muneuver in high orbit permits the First 

Responder t o  upprourh und diagnose client usset 
unomu l i e s  

rompelling missions in high orbit demand new power 
and propulsion capabilities 

FAST 4 
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< on t entruto rs, PW u rruys, ru diuto rs, 
Power Mgmt/Distribution, und thruster 
subassemblies tun be truded t o  reduce 
overull system risk 

Key thullenge i s  sysbm-level integrution 
und pedormunte thurutterixution of  these 
e I ements 

Spot i fit thullenges include: 
- Deployment o f  concentrutor und rudiutor 

ussemblies 

- Precision sun-pointing und trucking 

- Thermul und electricul interfutes beiween 
power system elements 

- Dynumic disturbunces during trunslution 
- Comprehensive thermul modeling o f  FAST 

und spurerr& 

Yuliduiion wil l  ottur ut FAST system level  
in  relevunt environment (thermul high 
vutuum, with tollimubd s o h  sourte und 
i nteg ruted prop u I s  i o n) 
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. Lightweight Solur Energy Concentrution 
- Solur rudiution: 1352 W/m2 (eurth orbit) 

- Low ureul density (e 0.5 kg/m2) 

- Requires precision deployment of  lurge 
stowed structure 

- Cel ls  must survive high flux (40:l t o  100:l) 
und possibly elevuted temperatures . Thermul Mungement System 

- High power high heut reject ion 

- At 50 kWe und 30% efficiency, 120 Wt of  
waste heut must be rejected ut low temp 

- NH, pumped loops ure hesvy, complex 

- Alternutives include udvunced technology 
heut pipes und Iighiweight <-C rudiutor 
fins ut operuiing temperutures 3 250 C . Power munugement/distribution 

- High voltuge PMAD, high temp electronics 

- Low weight, brosd power range 
FAST 
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Key Requirements 
- High specific power 

- Putkuge-ublefor smull t o  medium 
cluss Iuunch vehicle 

- Lighiweight / Iurge collector ureu - 
De rived ch u ru cte ri s t i  c s 
- Stowable / deployable 

- Contentrution rutio [40-100:1) 
- Heut reiection 

- Pointing [< 2 deg/uxis) - 
Tech nolo gy o pti oms 

- Rigid, deployed panels 

- Influtuble torus 

- Stretched lens urruy 

I Fresnel 

# 

Extruded, Overluid I 
Fr esn e I “strips” 

De ployu blc 
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. Phuse 1 - HPGS Preliminary Desiqn (-b months) 

- Preliminury HPGS design complete, including end-to-end ground t e s t  demonstrution plun 
+ Spetifit Power = 130 W/kg 
+ Totul Power = 20 kWe 

- Simulution of  HPGS performunto including solur concentrutor, power conversion, heut 
reiection, structure und deployment, plus sun pointing und trucking ef f  eats 

- Assess HPGS interlutes with prospective puylouds und propulsion systems . (-1 2 months) 
- Perform integrubd power system ground testing t o  demonstrute power collection, 

generution, und heut rejection (PCGR) in representutive environment und durution (34 
days) 

- Design meets 
+ Spetifit Power = 130 W/kg 
+ Totul Power = 20 kWe 
+ Solur tontentrutor ureul m s s  o f  0.5 k g / d  
+ Rudiutor ureul muss o f  1.0 k g / d  

- Show design tun scule t o  84 kWe (o r  greubr) 

FAST 12 
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Funding 
- We e rpect t o  fund multiple purties through PDR, then d 

contructor (this contructor will build und test the HPGS) 
Events 
- FAST Industry D u ~  
- B M R e l e ~ s e  
- Proposuls Due 
- Awurd(s) 

lect t o  ne 

02 Oct 07 
05 Oat07 
04 Der 07 

Murch 2008 

Notional Spacecraft Demonstraaon {Mu] 
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Extremely limited ut present 
- Most onbourd propulsion used f o r  drug compensution, 

stutionkeeping, some rephusing in GEO (e.g., l ifelimiting 
DSCS move during 1991 Desert  Storm cumpuign) 

- Electricul propulsion proven on-orbit f o r  reuction control, 
s om e stuti o nkee p in g 

- Insufficient power t o  use EP us orbit trunsfer system 

Exumple: Orbitul Express 
- Two muior object ions from AF, NRQ 

1 System tunnot service leguty spurerr& 

1 System tunnot reuth ob ie t t s  o f  interest [insufficient mobiliw) 

FAST Cndnges the equation 
- Combinution of  high de1tu-V (3 b km/sec) und high power 

UIIOW FAST-enubled #/a  to: 
Luunth to LEO und move t o  GEO (6 km/set) in one  month or 
less 

1 Numerous 180 degree rephusing muneuvers in GEO, one 
week per move or less  (< 100 4 s )  

1 Cun move between uny sun-synthronous orbit between 300 
und 5,000 km [intlinutions o f  96 - 138') 
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